I T is to be hoped that the publication last year of form and constitution. We may first note the very the collected works of John Aitken has led many high values for the concentration of nuclei found by physicists to renew their acquaintance with his writings. Aitken. In cities such as London, Paris, and Glasgow, The main features of his work are widely known, but he obtained values of the order of roo,ooo to 4oo,ooo it is not so generally recognised that on a number of particles per c c. In the pure air of the Scottish points which are still obscure, he has many suggestive Highlands and in Switzerland his values frequently observations. In r88o, without knowledge of the came down to a few hundred per c.c., but even on the earlier work of Coulier, Aitken discovered the nuclei Rigi Kulm he has observations of more than rs,ooo. The of cloudy condensation in the atmosphere. For nearly electrical observations on large ions suggest that the forty years he continued to make observations on these particles are, for the most part, of uniform size. If nuclei, which he generally referred to as "dust." He it be assumed that in the atmosphere each nucleus devised and constructed various forms of dust-counter, does not normally carry more than one electronic • ' 0 .
all characterised by ingenuity and mechanical skill of a high order, but most of them somewhat difficult of successful operation by any but the expert hand of the inventor. In his later years, writers on "large ions " caused him some uneasiness. He feared that the role of nuclei of cloudy condensation was being taken from his dust particles and attributed to some bodies of an electrical origin. But this fear was unfot,nded ; what was suggested was that a certain number of Aitken's nuclei are charged and that these are the large atmospheric ions discovered by Langevin.
If this identification is correct, and it can scarcely be doubted, then we possess a considerable amount of information about Aitken's nuclei. His own work gives copious observations of the number of these bodies found under different conditions, while the experiments on large ions give us some clue as to their NO. 2872, VOL. I 14] charge, and there is good reason for believing that this assumption is correct, then the diameter of the nucleus should be about ro-5 em. The great numbers in which these bodies are found, their small and regular size, and the fact that they are produced so copiously from such a source as a Bunsen flame, suggest that they are not dust in the ordinary sense, that is, not irregular fragments of solid matter. Their behaviour and the manner in which they are produced indicate rather that they are spherules of water, each formed about some kind of primary nucleus, very often of a hygroscopic character. Assuming that the greater number of Aitken's nuclei are so constituted, in what form does the grosser mechanical impurity exist in the atmosphere ? The answer will be found in the very interesting report of the Advisory Committee on Atmospheric Pollution referred to below.l Three methods of estimating atmospheric impurity, representing sur:cessive stages in the development and improvement of methods of observation, have been employed by the Committee. In the method longest in use, the material precipitated by rain or otherwise on a standard area is collected. The monthly deposit is measured and analysed as soluble and insoluble, tarry, carbonaceous, sulphate, chloride, etc. The original gauges employed for this purpose were made of enamelled iron and did not prove resistant to atmospheric action. A new pattern constructed of stoneware has been employed and found satisfactory. It appears from the report that in the year which ended on March 31, 1923, there was a distinct improvement in the purity of the atmosphere as compared with the average of previous years. At 23 stations out of 27, the total solid deposited was lower than the normal, while the rainfall on the whole was about average. It is interesting to note that, compar· ing the deposit of chlorine in summer and winter, 19 stations show a higher figure for winter. This ii in accordance with the view that the chlorine in the atmosphere is derived from sea-spray, the rougher seas in winter furnishing greater quantities of spray.
In the second method of observation, an automatic record is obtained on a sheet of filter-paper of the dusty impurity of the air by Dr. Owens' apparatus. From two to four samples of dust can be obtained per hour, and thus the variation in the impurity of the air can be followed through the twenty-four hours. NovEMBER 15, 1924] NATURE 721 Some striking records are obtained by means of this I instrument. At night the air is very pure. In the early morning, earlier in summer than in winter, the . of transparent spherical bodies, for the origin of which no satisfactory explanation has as yet been obtained. Crystals of sodium chloride have been found in tht air near the sea-shore, and other hygroscopic crystals have occasionally been recorded. The total number of particles found is surprisingly large considering the character of the material, but small compared with the number of nuclei found by Aitken. For example, an average figure for London would be about IO,ooo dust particles per c.c. The average number of condensation nuclei is about ten times this figure.
If the ultra-microscope could be employed, as has been done with success in the examination of smokes, no doubt a considerable number of particles which are beyond the optical limits of the present method would be detected. But as, according to de Broglie, the ultra-microscope fails to show up the large ions, we can scarcely anticipate that any optical method will disclose the bulk of Aitken's nuclei. Now it is not at all clear that the Aitken nuclei may not have effects in so:me respects more important than those of the visible nuclei. For example, the connexion between the con-Reproduced, by permission of the Controller of H.M. Stationery Office, from the Ninth Report of the Committee for the Investigation. of Atmospheric Pollution. pollution recorded at the London stations increases rapidly, maintains a fairly high figure during the day with indications of a subsidiary minimum about 3 o'clock, and then falls off in the late afternoon.
Here we note a distinct difference between the true dust and the Aitken nuclei. It does not appear that either Aitken or Barus, who did much work on the subject in America, took records of nucleation during the night. But it is clear from the observations of M'Clelland and Kennedy in Dublin that the large ions, that is, the charged fraction of the nuclei, are not noticeably fewer at night than during the day. Apparently the relatively large particles of true dust coagulate rapidly and are quickly deposited. The nuclei of Aitken are more persistent, but it is nevertheless surprising that, when their production has ceased, and when the air is being renewed rapidly on windy nights, they should not show a marked decrease. The dustiness shown by the automatic recorders in London is greater in winter than in summer and greater on foggy than on clear days. While in summer the atmosphere is cleaner on Sunday than on other days, there is no difference during the winter. The inference is that the greater part of the pollution in London is due to ordinary domestic fires. The same result is found to hold for the residential districts of Glasgow.
Much the most interesting part of this report is the record of results obtained with the jet dust counter. With this apparatus, the impurity in a limited quantity of air, say so c.c., is thrown on a glass slide, where the particles may be counted and scrutinised microscopically. The dust consists largely of irregular particles of a crystalline character, but occasion'llly organic bodies of a definite structure are found. A good idea of the appearance of the dust be gathered from the illustrations, some of which are here reproduced ( Figs. 1-3) . The particles are of various sizes from I or 2fL down to the limit of visibility. A puzzling feature of so:me of the samples obtained has been the presence NO. 2872, VOL. I 14]
centration of nuclei and haze was pointed out by Aitken. Some part of the reduction in visibility in polluted air may be due to scattering by the large .. numbers of nuclei. Again, in the phenomena of atmospheric electricity dealt with in these NATURE [NOVEMBER 15, 1924 pages by Dr. Chree and others, the nuclei, owing to their large numbers, have possibly a greater effect than the visible particles. The effect of. impure air on visibility has been investigated by the Committee and two photometric methods of measuring the obstructive power of polluted air have been perfected. Approximate proportionality has been established between the light obstruction and the quantity of pollution present as measured by the filter and jet methods. But the Committee finds that " some factor other than the simple obstruction of area of the light source is responsible for the loss of light in passing through the air." It might elucidate this point· and help to a fuller examination of the whole problem of contaminated air if observations of the total condensation nuclei were taken after the manner of Aitken. It would be unsafe to assume a proportionality between the visible dust and the nuclei. Many sources of large particles mayyield few nuclei and certain rich sources of nuclei, Bunsen flames, for example, may be expected to give few large particles. In this connexion the writer noticed some months ago that during a three weeks' gas-strike in Dublin, the number of large ions was much below the normal. Irregular variations are so common that it may be difficult to decide if the reduction is a genuine effect unless a further opportunity for investigation-otherwise undesirable-should present itself. The Committee has already achieved such a high level of success in the development of methods of observation and in the perfecting of instruments, that if it can be induced to undertake the observation of condensation nuclei, those of us who are interested in atmospheric nucleation may expect to see instruments developed of a far higher standard of efficiency than those available at present.
It should be stated that the automatic dust-recorder and the jet dust counter are now in use in many countries. They are available for purchase, and full instructions for their operation can be obtained. There is no doubt that they will prove of great value in dealing with a multitude of problems relating to impure air.
The chief evil of a polluted atmosphere is not the resthetic horror of the smoke canopy, the grimy buildings and the stunted vegetation. It is not even the inspiration of dirty air-and we learn from this report that in the course of twenty-four hours of a heavy smoke fog, the dweller in London breathes in soo,ooo,ooo,ooo particles of suspended matter. The real crime is the cutting off of sunlight. We have yet to learn in detail how the impure atmosphere of cities operates to abstract those elements in sunlight which appear to be necessary for health, and we have yet to test the possibility of minimising the evil. Meanwhile it is to be hoped that the Committee on Atmospheric Pollution may be enabled to extend and develop the fruitful work it has undertaken. J. J. NoLAN.
The "Terrella." T HE name "Terrella" appears to have been first used towards the end of the sixteenth century to describe a sphere of loadstone used as a miniature replica of the earth for the study of terrestrial magnetism. Seventeenth century writers mention terrellas fairly frequently but there are not many descriptions of particular specimens, and although considerable numbers must have been in use during the seventeenth century, very few indeed appear to have survived. Rounded loadstones had been used from very early days. Peregrinus,for example, in the thirteenth century, mentions a method of making them and of finding the poles, but he does not give any particular scientific use to which they could be turned.
It was not until Gilbert of Colchester, in the prosecution of his studies in magnetism, etc., found that a miniature of the globe constructed of a suitable piece of magnetic ore would be of great assistance in his researches, that the rounded loadstone of earlier investigators was developed into a more or less scientific instrument. Dr. Gilbert, early in his great work ''De Magnete " (r6oo), gives details for the manufacture of an instrument " Called by us a Terrella," this being described as a " physical Corpuscle imbued with many virtues by means of which many abstruse and neglected truths in philosophy burried in piteous darkness may more readily become known to men." Many chapters of " De Magnete " are wholly devoted to details as to manufacture, graduation and the experimental use to be made of the finished article. Chapter XVII., Book H., giving details of methods of arming to '" increase the virtue " of the instrument, is NO. 2872, VOL. I 14]
of special interest in connexion with the three specimens to be described. In order to show the opinion of his successors the following extract from Sir Kenelm Digby's (r644) "Two Treatises, on the Nature of Bodies: and, the Nature of the Man's Soule is looked into " will be of interest-"But to come to some experimentall proofes and Obseruations on the loadstone by which it will appeare that these causes are well esteemed and applyed, we must be beholdin tci that admirable searcher of the nature of the loadstone, Dr. Gilbert; by means of whom and of Dr. Haruey, our nation may claim euen in-this latter age as deserued a crowne for solide Philosophicall learning as for many ages together it hath done formerly for acute and subtile Speculations in Diuinity. But before I fall to particulars, I thinke it worth warning· my Reader, how this great man arriued to discover so much of Magneticall Philo sophy; that he, likewise, if he be desirous to search into nature, may, by imitation, aduance his·thoughts and knowledge that way. In short, then, all knowledge. he gott of this subject was by forming a little loadstone into the shape of the Earth. By which means he compasses a wonderful designe which was to make the whole globe of the earth maniable; for he found the properties of the whole earth in that little body; which he therefore called ' Terrella' or ' Little Earth ' ; and which he could manage and trye experiences vpon att his will. And, in like manner any man that hath an ayme to aduance much in naturall sciences, must endeavour to draw the matter he inquireth of, into some such modell, or some kinde of m<J.nageable methode ; which he ma} turne and winde as he pleaseth. And then lett him be sure, if he hath a competent vnderstandirig, that he will not misse of his marke."
